Objective: We explored the relationship between traditional Chinese constitution and risk factors for cardiovascular disease in subjects with high-normal blood pressure (BP). Methods: The traditional Chinese constitution of 80 subjects with high-normal BP was judged by questionnaires and interviews. Measurements of cardiovascular and metabolic health included BP, body weight, body mass index (BMI), low-density lipoprotein cholesterol (LDL-C), 2-hour oral glucose tolerance test (OGTT2h), and waist circumference. Statistical relationships between cardiovascular disease risk factors and specific Chinese constitution were evaluated by univariate and multivariate analyses. Results: Ping He, Tan Shi, and Yin Xu were the dominant constitutions in subjects with high-normal blood pressure. There were significant differences in weight, LDL-C, BMI, OGTT2h, and waist circumference between Tan Shi and Ping He (P < 0.01), in SBP and OGTT2h between Yin Xu and Ping He (P < 0.05), and weight, BMI, waist circumference, SBP, and LDL-C between Tan Shi and Yin Xu constitutions (P < 0.01). Logistic regression found a strong association between the Tan Shi constitution and LDL-C in subjects with high-normal blood pressure. Conclusion: Ping He, Tan Shi, and Yin Xu are the principle traditional Chinese constitutions in subject with high-normal blood pressure. The Tan Shi constitution is associated with multiple risk factors for cardiovascular disease (LDL-C, BMI, body weight, and waist circumference), while OGTT2h is closely related to the Yin Xu constitution.
INTRODUCTION
High-normal blood pressure (BP) puts patients at significantly greater risk for cardiovascular and cerebrovascular events. Both international and Chinese hypertension guidelines recommend therapeutic intervenetion for high-normal BP, especially when associated with other cardiovascular risk factors. Early interventional can prevent or significantly delay the development of cardiovascular and kidney diseases. Theories of traditional Chinese medicine emphasize good health practices and preventative therapies to reduce the incidence of cardiovascular and other diseases. We have identified susceptible populations according to the traditional Chinese constitution and developed therapies tailored for susceptible constitutions to reduce the incidence of disease and improve quality of life.
In the current study, we judged the traditional Chinese constitution of subjects with high-normal BP and explored the association between specific constitutions and cardiovascular risk factors to facilitate the development of preventive treatments for at-risk populations and to provide insight into the physiological correlates of traditional Chinese constitutions.
MATERIALS AND METHODS

Subjects
Eighty consecutive patients with high-normal BP (40% males) who visited our hospital from April 2011 to November 2011 were enrolled in this study [1] . The inclu-sion criteria were as follows: outpatients of either sex, 18 to 65 years of age, with high-normal BP (diastolic blood pressure [DBP] ≥85 mmHg and <90 mmHg, systolic blood pressure [SBP] ≥130 mmHg and <140 mmHg). Patients with clinical hypertension and patients on antihypertensive medications, patients with liver, kidney, or hematopoietic system diseases, and patients with a history of stroke, myocardial infarction, diabetes, or malignnant tumors were excluded. Also, patients participating in drug clinical trials and those on long-term drug therapy were excluded from the study.
The 80 patients were divided into five groups according to their constitution: Ping He (n = 32), Tan Shi (n = 30), Yin Xu (n = 16), Yang Xu (n = 1), and Te Bing (n = 1). The latter two constitutions were not analyzed statistically due to low numbers. Informed consent was obtained from all subjects based on a protocol approved by the Ethics Committee of the 2 nd affiliated Hospital of Shandong University of Traditional Chinese Medicine.
Measurements
Blood pressure, body weight, height, neck circumference, waist circumference, blood and urine chemistry, and other measurements were performed at the outpatient Clinic.
Blood pressure was measured using a mercury sphygmomanometer. The subjects were instructed to visit the clinic in a fasted condition between 8:30 and 11:30 a.m. After relaxing for 20 minutes or longer, blood pressure was measured three times on the left upper arm at one minute intervals with the patient in a sitting position, each time measured by a different trained registered nurse. The same three nurses measured BP for all patients. The median systolic blood pressure value was counted as the blood pressure for that day.
The neck circumference was measured at the connection between the margo superior of the 7 th cervical vertebrae and the inferior border of the Adam's apple.
Waist circumference was measured in the standing position using a non-elastic flexible tape. The tape was applied horizontally between the lowest rib margin and the iliac crest. Hip circumference was measured at the maximal protrusion of the buttocks.
Weight and height were measured on all visits. Subjects wore a shirt/blouse and trousers/skirts but no jewelry. The subjects were requested to wear the same clothes for each body weight measurement. Body mass index (BMI) was calculated based on these weight and height measurements as weight/height 2 in kg/m 2 . Blood samples were taken from each subject following an overnight fast. The biochemical markers measured were glucose, total cholesterol (TC), LDL cholesterol (LDL-C), HDL cholesterol (HDL-C), triglyceride (TG), glutamic oxaloacetic transaminase, glutamic pyruvic transaminase, γ-glutamyltranspeptidase, lactate dehydrogenase, total protein, blood urea nitrogen, uric acid, creatine, sodium, potassium, and calcium. The urinalysis was carried out using appropriate test paper at the clinic.
All the subjects were placed on a diet consisting of at least 250 g carbohydrates per day for 3 days before testing blood and urine testing. After an overnight fast, a 2-h oral glucose tolerance test (OGTT) was performed at 9:00 AM with 75 g of glucose diluted in 200 ml of water. Morning urine routines and urinary microalbuminuria were also measured.
Questionnaires
All subjects completed a High-Normal Blood Pressure Observation Table and a Traditional Chinese Constitution  Classification and Identification Table. If the subject could not complete the classification and identification table, we judged constitution by interviews assessing quality of life and health.
Statistical Analyses
All measured values are expressed as mean ± SD unless otherwise noted. Statistical analyses were carried out using SPSS 17.0 for Windows. All the continuous variables were tested for normal distribution. Group means were compared by ANOVA. Furthermore, we used Bartlett test to analyze the homoscedasticity of the variables. Significant variables associated with a particular traditional Chinese constitution by univariate analysis were entered into a multivariate regression model to identify independent predictors of traditional Chinese constitution. A P < 0.05 (two tailed) test was considered statistically significant.
RESULTS
There were no significant differences in age, height, DBP, fasting glucose, TG, or TC among the Ping He, Tan Shi, and Yin Xu groups. Patients of Tan Shi constitution had significantly higher mean BMI, body weight, and waist circumference compared to the other two groups. Patients of Yin Xu constitution had lower mean systolic BP compared to the other two groups. The OGTT2h was significantly higher in the Tan Shi and Yin Xu groups than the Ping He group, whereas fasting glucose showed no difference among the three groups. Compared to the Ping He and Yin Xu groups, subjects of Tan Shi constitution had a significantly higher mean LDL-C ( to investigate the associations between traditional Chinese constitution and cardiovascular risk factors in the Tan Shi ( Table 2 ) and Yin Xu groups ( Table 3) . The LDL-C was a significant predictor of Tan Shi constitution (P = 0.013) in subjects with high-normal blood pressure, while none of the entered variables was an independent predictor of the Tin Xu constitution (P > 0.5).
DISCUSSION
The concept of prehypertension was first proposed by the National Institute of Health of the United States in report JNC-7 [2] . Prehypertension refers to systolic blood pressure (BP) of 120 -139 mmHg and (or) diastolic BP of 80 -89 mmHg, an intermediate state between normal BP and hypertension. Normal BP according to guidelines for hypertension prevention and treatment by the Chinese Hypertension League (revised in 2010) is systolic BP of 120 -139 mmHg and (or) diastolic BP of 80 -89 mmHg, which is equivalent to prehypertension as proposed in JNC-7. The incidences of obesity and blood glucose abnormalities was significantly higher in patients with high-normal BP than in the ideal BP group [3] . Moreover, changes to both cardiovascular structural and function are observed in subjects with high-normal BP, including greater arterial intima-media thickness, reduced arterial elasticity, left ventricular hypertrophy, and diastolic dysfunction [4, 5] . These studies emphasize the importance of timely screening of cardiovascular risk factors and inter-vention in subjects with high normal BP.
Traditional Chinese constitution can be classified as Yin Xu constitution, but only one case each of Yang Xu and Te Bing constitution. Based on this sample, subjects of Tan Shi or Yin Xu constitution are more likely to have normal-high BP. Moreover, these three major constitution groups exhibited differences in several metrics of cardiovascular disease risk, including BMI, weight, waist circumference, SBP, and LDL-C. General features of the Tan Shi ("damp phlegm") constitution include obesity, abdominal fatness, and sticky greasy tongue presentation. General features of the Yin Xu ("shortage of Yin fluid") constitution include dry mouth, a slim figure, and "handfoot-heart hot" and other virtual thermal performances. People with the Ping He constitution usually have harmonized yin-yang and qi-blood. The main features of the Ping He constitution are a well-formed figure, ruddy color, and abundant energy. Subjects with Tan Shi constitutions had greater mean weight and waist circumference than subjects with Ping He or Yin Xu constitutions. A comparison of 23 cases of obesity with Tan Shi constitution and 21 cases of obesity without Tan Shi constitution [6] revealed significantly higher TC, TG, LDL-C, blood glucose, and insulin in subjects with the Tan Shi constitution. The current study found significantly higher postprandial blood glucose and LDL-C in subjects with the Tan Shi and Yin Xu constitutions compared to the Ping He constitution, suggesting that subjects of Tan Shi and Yin Xu constitution with high-normal BP also have lipid metabolism disorders and so may be at significantly greater risk of cardiovascular disease. Survey data has associated the Tan Shi constitution with a history of lifestyle diseases, less exercise, obesity, smoking, high BP, longer sleep duration and irregular sleep, and high-fat diets [7] .
Many chronic diseases such as diabetes, hyperthyroidism, hypertension, chronic kidney disease, and menopausal syndrome have pathogenic mechanisms and risk factors consistent with various physical and behavioral aspects of the Yin Xu constitution. High-normal BP is one specific aspect of subhealth, characterized by chronic fatigue and visceral disorders. Many of subjects with high-normal BP have the Yin Xu constitution, but the systolic BP of our Yin Xu sample was actually lower than that of Tan Shi and Ping He subjects (P < 0.05). Considering that the mean weight Yin Xu subjects was lower and the number of subjects limited, further studies are needed to clarify the incidence of high-normal BP and hypertension in this group.
This research demonstrates a significant relationship between cardiovascular risk factors, such as high BMI, elevated blood lipids, higher postprandial blood sugar, and the Tan Shi constitution (particularly between LDL-C and Tan Shi constitution). In addition, the sample suggests that Tan Shi and Yin Shi are the dominant constitutions of patients with high-normal BP. Thus, patients of these constitutions should be identified, evaluated, and treated as soon as possible to reduce the risk of cardiovascular disease. Large-scale clinical studies investigating the relationships between traditional Chinese constitution and disease risks are warranted.
